SUMMARY The timing of aneurysm surgery is one of the major controversies in the management of subarachnoid hemorrhage. The Cooperative Aneurysm Study is conducting an international epidemiological study to determine mortality and morbidity related to timing of surgery. From January, 1981 to July, 1983 over 3,500 patients have been registered from 68 centers. This preliminary report updates the progress of the study, describes the patient population, and presents overall outcome results.
Study Objectives
The objectives of this study are to determine at which interval after subarachnoid hemorrhage surgical obliteration of the ruptured aneurysm will result in the most (or least) favorable outcome and to quantitate the results of modem therapy for ruptured intracranial aneurysms in a large number of centers throughout the world.
Study Design
Initially it was proposed to conduct a randomized controlled clinical trial as the most efficient and effective means for obtaining information regarding the timing of surgery. However, it rapidly became apparent that such a study was inappropriate in theoretical terms and impossible from a practical point of view. No neurosurgeons could be found who would agree to a random selection of the timing of surgery for their patients. It was felt that there would be extreme difficulty in obtaining patient cooperation due to the rigid requirements for informed consent which currently exist. And furthermore, it was felt that such a study would be too complicated because of the many possible intervals for randomization. Accordingly, the approach selected was an epidemiological survey. This survey is prospective and utilizes standardized data collection techniques. The study is partially blinded in that the outcome evaluation performed six months after subarachnoid hemorrhage is conducted by an observer who is independent of the management of the patient. Outcome measures used include disability and neurological status at six-months post-subarachnoid hemorrhage, incidence of vasospasm and rebleeding, and medical and surgical complications. This is a large study which for statistical purposes requires a minimum of 2,000 patients who are admitted on day 0-3 following their first aneurysmal subarachnoid hemorrhage. In order to collect a sufficient number of cases in a reasonable time frame, data from 68 centers in 15 countries from throughout the world is being used (table 1).
Organization
There are three major organizational components in this study: the executive committee, the central registry, and the participating centers. The executive committee is responsible for the study design, center and surgeon selection, statistical design and presentation and publication of results. The members of the executive committee are listed in table 1.
The central registry is responsible for the day to day operation of the study including data collection, editing, storage, analysis and reporting; preparation of 
Timing of Study
After a planning and organization phase of approximately 36 months, the grant to fund the project was obtained from NINCDS in August of 1980 (USPHS #NS 15940). Recruitment and training of centers was completed by December of 1980 and data collection commenced in January, 1981. The last patients were registered from North America in June, 1983, and from the remainder of the world in March of 1983. Patient follow-up will be completed by January or February of 1984. Analysis of the data will take approximately one year and results will be presented in the spring of 1985.
Data Collection
Four data collection instruments are used in this study: subarachnoid hemorrhage log, registration form, treatment form, and follow-up form.
Each center is required to keep a log of every patient admitted with a diagnosis of subarachnoid hemorrhage regardless of etiology. This log is used to determine the total activity of each center for purposes of stratification in the analysis as well as to guard against case selection. The registration form is completed at the time of the initial evaluation and includes patient demographic information as well as data related to the angiogram and CT scan findings. The treatment form includes information concerning the patient's course during hospitalization and it is completed at the time of discharge. The follow-up form is completed 6 months ± two weeks after the initial subarachnoid hemorrhage or at the time of the patient's death, if sooner.
Patients who are eligible for inclusion in the study are those who were admitted with their first subarachnoid hemorrhage from a proven ruptured saccular intracranial aneurysm in whom the hemorrhage was confirmed by history, lumbar puncture, and either CT scan or surgery. Patients had to be admitted on day 0 to 3 after their first hemorrhage and had to have a CAT scan performed within five days of the hemorrhage. Patients excluded from the study included those with multiple hemorrhages prior to admission, those admitted more than three days after their first hemorrhage, patients with fusiform, traumatic, or mycotic aneurysms, patients presenting with an intracerebral hematoma requiring urgent or emergent evacuation, patients with severe medical complications requiring special therapy such as hemodialysis or anticoagulation, and patients not consenting to participate in the study.
As previously noted, a minimum of 2,000 cases were required for statistical purposes in the study if the distribution of planned surgery intervals were equal. Based on preliminary data, it was planned to collect 3,000 cases in 36 months. However, in actuality more than 3,500 cases were registered in 30 months. In the design of the study it was anticipated that one-third of the cases would come from North America, one-third from Japan, and one-third from the remainder of the world. In fact 20 percent have come from North America, 30 percent from Japan, and 50 percent from the remainder of the world (table 2) .
Quality and Accuracy of the Data
Of the 3,500 cases registered, less than 2 percent have been disqualified for eligibility violations.
Adherence to the protocol has been extremely good and the forms completion rate is running in excess of fig. 1 ). Survival status through the hospitalization period is known in 99.6% of the patients. An audit was conducted of a random sample of 222 patients from 31 centers who were reported as having a favorable outcome, i.e. a good result or moderate disability according to the Glasgow Outcome Disability Scale. The misclassification rate was found to be less than two percent. An audit of the remaining 37 centers will be conducted in the coming months.
Preliminary Analysis
Interval to Admission: Forty-eight percent of the patients were admitted on day 0, thirty-two percent on day 1, twelve percent on day 2, and eight percent on day 3. Essentially all of the patients had angiography performed within five days, 75 percent on days 0 and 1. Of those patients who had their angiograms within
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FIGURE 2. Outcomes measured by the Glasgow Outcome
Scale of all patients entered in the study.
the first three days of bleeding, approximately 94 percent had either no or only minimal vessel changes compatible with vasospasm. This confirms that the patients are indeed being admitted after the first major hemorrhage.
CT Scan Data: Forty-four percent of patients had CT scan on day 0, 30 percent on day 1,13 percent on day 2, 8 percent on day 3, 2 percent on day 4, and 1 percent on day 5. Over 96 percent of CT scans on day 0 had evidence of blood either subarachnoid (92%), subdural (2%), intracerebral (19%), or intraventricular (20%). The amount of blood decreased progressively over the ensuing days to 64% on day 5. Thus it appears that CT scan performed soon after subarachnoid hemorrhage is a highly sensitive technique for detecting intracranial bleeding from ruptured aneurysm. Planned Interval to Surgery: At the time of initial evaluation, surgeons were required to predict the interval in which surgery would be performed. This prediction was made on day 0 to 3 in 87 percent of the cases. Surgery was planned for day 0 to 3 in approximately 46 percent of the cases, day 4 to 6 in 11 percent, day 7 to 10 in 17 percent, day 11 to 14 in 12 percent, day 15 to 32 in 7 percent, and no surgery was planned in 7 percent.
Patient Characteristics: The characteristics of the patients in this study closely resemble patients in other large series.
5 -6 The average age of the patients is 50.5 years and 61 percent are females. Patients' aneurysms were small (less than 12 mm in diameter) in 78 percent, and located on the anterior circulation in 91 percent. On admission, 81 percent of the patients were alert or drowsy (19 percent were stuporous or comatose) and 75 percent had normal speech and 76 percent had normal motor response. Thus, approximately 80 percent of the patients could be considered in good condition on admission.
Overall Results (August, 1983): The overall management results determined six months after subarachnoid hemorrhage were disappointing considering that, as previously noted, approximately 80 percent of the patients were in good condition on admission. Only 56.4 percent of the patients could be classified as having a good recovery according to the Glasgow Outcome Disability Scale and 27.3 percent had died ( fig.  2 ). As expected, the six-month survival was closely related to level of consciousness on admission with approximately 86 percent of those patients who were alert on admission surviving six months compared to approximately 25 percent of those who were comatose on admission surviving six months ( fig. 3) . The cause of mortality and morbidity in this group of patients is detailed in figure 4 . Of particular interest is the observation that the leading cause of mortality and morbidity was vasospasm which had twice the importance of rebleeding in this regard.
Ultimately, 82 percent of the patients had surgery. Surgery was performed earlier than estimated in approximately 3 percent and later than estimated in approximately 15 percent (table 3) . In those patients having surgery, the six-month good recovery was approximately 67 percent while approximately 15 percent had died ( fig. 5 ). Again, as anticipated, the operative survival or mortality was closely related to preoperative level of consciousness with more than 90 percent of patients who were alert preoperatively surviving six months compared to approximately 53 percent of those who were comatose surviving six months ( fig. 6 ). Table 4 compares the key prognostic factors for outcome in two groups -the "early" group (surgery planned day 0 to 3) and the "late" group (surgery planned day 7 to 14). Despite the fact that these groups were not selected randomly, they are extraordinarily similar in these key prognostic factors. Where biases do exist, they almost always lean toward more favorable results in the "late" group. Thus, we are confident that this study will provide useful information regarding the influence of the timing of surgery on outcome after aneurysmal subarachnoid hemorrhage.
POST-SURGICAL RESULTS
Modarataly DlsobUd
Comparison of Early vs Late Group
Byproducts
In addition to the important information regarding the timing of aneurysm surgery generated by this study, useful information has been developed regarding CT scan findings in patients with ruptured aneurysms, 7 pattern of rebleeding/ the role of antifibrinolytics, 8 and comparison of the different grading scales.
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As the study progresses, we anticipate that much additional information about the natural history and the influence of various interventions on aneurysmal subarachnoid hemorrhage will be forthcoming. quality and accuracy of the data is better than anticipated. While current successes of this project are a direct result of the wisdom of the executive committee and the efforts of the central registry, most of the credit must be given to the diligence, understanding, and hard work of the participants. We are confident that this study will provide important information about the timing of surgery for ruptured aneurysms. Furthermore, it will contribute to a greater understanding of a variety of closely related issues about ruptured aneurysms.
Summary
